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Energy Use in Laboratories

* Laboratories are energy intensive.

— On a square foot basis, labs often consume four to six
times as much energy as a typical office building

— Clean rooms and data centers are up to one hundred
times more energy intensive

* Most existing labs can reduce energy use by
30%-50% with existing technology.

* Laboratories are experiencing significant
growth.

* Energy cost savings possible from U.S. labs may
be as much as $1 billion to $2 billion annually.
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What is Labs21?

* A joint EPA/DOE partnership program to improve
the environmental performance of U.S.
laboratories including:

— Minimize overall environmental impacts
— Protect occupant safety

— Optimize whole building efficiency on a lifecycle basis

* A growing network of 3,500+ laboratory
designers, engineers, facility/energy managers,
health and safety personnel, and others.
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Labs21 Program Components

1. Partnership Program

— Draws together lab owners and designers committed to
implementing high performance lab design.

2. Training Program

— Includes annual technical conference, training
workshops, and other peer-to-peer opportunities.

3. Best Practices and Tool Kit

- An Internet-accessible compendium of case studies and
other information on lab design and operation, building
on the Design Guide for Energy Efficient Research

Laboratories developed by Lawrence Berkeley National
Laboratory, and more...
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Component #1.:
Partnership Program

* EPA and DOE partner
with lab owners.

* Partners:
— Commit to a project

— Assess the opportunities
for improvements

— Set voluntary goals

— Measure and report
progress

— Share lessons learned
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Benefits of Partnership

* Technical Assistance
— Participation in sustainable design charrettes

— Advice on specific technical issues (e.g. heat recovery,
fume hoods)

— Help using Labs21 toolkit

* Networking
— share results with peers

* National recognition
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Labs21 Partners

Private Sector Partners

* Bristol-Myers Squibb

¢ Carnegie Mellon University
* Duke University

* Genzyme

®* Harvard University

* New York City Public School
Authority

®* Northern Arizona University

* Pfizer

¢ Raytheon

* Sonoma State University

®* University of California — Merced
®* University of Hawaii

®* University of North Carolina -
Asheville

* Wyeth-Ayerst Pharmaceuticals
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Labs21 Federal Partners

* Lawrence Berkeley National
Laboratory

* National Aeronautics & Space
Administration

* National Oceanic &
Atmospheric Administration

* National Renewable Energy
Laboratory

®* National Science Foundation

* Sandia National Laboratories
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* U.S. Department of
Agriculture
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* U.S. Environmental Protection
Agency
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Component #2: Training

* Annual conference
* One day introductory course

* Advanced course modules
— LEED for Labs

— Lab ventilation

* Phone forums on specific
topics

* Video with case studies
* Student design competition

* Partnership with UC/CSU/
IOU's

Laboratories
for the
21st Century

2006 Annual
Conference

Henry B. Gonzalez Convention Center
San Antonio, Texas

October 17-19, 2006
www.labs21century.gov

October 17-19, 2006

Henry B. Gonzalez Convention Center

San Antonio, TX
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Labs21 Training and TA is focused on unique
challenges and opportunities in Labs

* VAV fumehoods * Optimizing air change

* Low flow fumehoods rates

* Energy recovery * Effluent dispersion

* Minimizing reheat * Plug loads and

® Low pressure drop rightsizing
design * Lab equipment efficiency

® Multi-stack exhaust e Daylighting in labs

* Fume hood and e Effective electrical
laboratory lighting design

Commissioning
®* Flexible servicing

* Indoor air flow configurations

modeling
* Green materials for labs
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Component #3: Toolkit

®* For an overview
— Intro to Low-Energy Design
— Video

® Core information
resources

Design Guide

— Case Studies
— Energy Benchmarking
— Best Practice Guides

® Design process tools
Env. Performance Criteria
— Design Intent Tool
Labs21 Process Manual

www.labs21century.gov/toolkit 8
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oOverview of manifold exhaust systems

Manifolded fume hood exhaust in complex laboratary buildings can
provide substantial energy and first-cost savings. A manifolded system
also offers opportunities for energy recovery, flexibility, redundancy, and
better air quality. Neuman (1987) compares manifold and individual
systems: "Proponents (of individual exhaust systems) feel that the
isolation provided by the individual ducts and dedicated fume hood fans
is worth the expenditure of cost and sacrifice of flaor space, but "the
individual fume hood scheme results in lower energy efficiency, more
maintenance, and more roof penetrations," However Nelson (1986) points
out that "The primary reason for using the individual system is that there
is something unusually hazardous in the exhaust from the fume hood."
Experience has shown that central exhaust systems are appropriate in
large Iaboratories and in buildings with large numbers of fume hoods as
well as in multi-floor, multi-section buildings. [Charmeusx, 2001]
[Rydzewski, 1999] [Crockett, 1999] [Neuman, 1987)
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Core information resources

Lab Design Guide

H e 2 8 6

Hide  Back Foward  Pint  Options
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Filter power calculation
w @ Overview

o n h l g h - p e rfo r m a n C e’ o @ Acthectual Proganing Avery (1073), as cited in the NAFA Guide to Air Filtration (1993), discusses

® Q Right Sizing: Choasing an Energy-Effic

low-energy lab design ||:§smms

>

calculation of the power requirement for a filter bank:

# @ Supply Systems . . .
- .:] g E:E::’st gystem The energy used to overcome the resistance of a filter bank is provided by the
a n d o p e ra t I o n % @ Ditibuion Sytems blower which is part of the HVAC system, The blower, in turn, gets its energy from
= () A Filaion a motor, It is rare that this motor s not an electric motor so that the energy it

@ Abstract: Energy Efficiency and Ail uses is in the form of kilowatts.

= ([ Degree of Filration

o 4 - I eve I h I e ra rc h y — =1 ([ Fiation overview The formula for air horsepower is:!

I I . Filter pracesses
' hpa =
from general to D ey [l 7~

(2] Fier construction Where: 1

S p e C i fi C @ Impingement fiers

Extended suiface fiters
2] HEPA fiters
2] Bacteiia removal

[ ] S e a rc h a b I e Wouirg andlesion CFM = Quantity of air being filtered expressed in cubic feet per minute.

@ Filtration applicationchicks !
[2) Filvation aangemert-cast TP = Total pressure of filter system (in. w.g.)

o) Q Cleanroom filteation

-
¢ Ava I I a b I e o n We b a n d % @ Fier Pressure Drop Total pressure Is the sum of static pressure and velocity pressure. Since the filter

hpa = Air horsepower required to overcome filter system resistance

% @ Electonic vs. Media Firation media velocity Is low, the velocity pressure can be ignored. For this reason, the
C D [2) REFERENCES: At Filration equation can be written as:
# @ Lighting
% @ Connisiring hpa = (CFM x SP)/6358
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Core information resources

Best Practice Guides

D
/// r ’ \ ‘*.’
* Describes how to implement a ‘ 7N

strategy, Wlth Implementatlon LABORATORIES FOR THE 21sT CENTURY:
examples BEST PRACTICES

* Completed guides:
— Combined Heat and Power
— Daylighting in Laboratories
— Energy Recovery

— Low-pressure drop design

B Modeling Exhaust Dispersion ENERGY RECOVERY FOR VENTILATION AIR IN

LABORATORIES

W t Ef‘f' H Introduction
- a er ICIency Energy recovery ca bala nttally reduce the mechanical heating and cooling gmq lmmou mltdwlhcx ndi-
foning ventilation airin most .1 typlcally require 100% outside al lllgh ventilation rates—
I.ku-n6 dl r changes per hour—primarily for safety reasons. The heating and c 1 ing energy n (v.\:l(d
H H H H condition thisair, as wcll s the fan energy needed to move it, 1s 5 to 10 tmes great ('r!.h n theamount of en mgv used in
— Mlnll IIIZIng Re eat most of fﬂ s for hscp rposes. Heating and cooling sys be y Tecovery Is used, because
energy recovery systems reduce peak heating and cooling requirements,
H H H Unitad States. U.S. Department of Energy
— RI g h t - S I Z I n g em&wimnmmul @ Energy Efficiency and Renewable Energy
Protection Agancy Federal Energy Management Program

® Several in development
— Labs21 seeking contributing authors
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Core information resources

Case Studies
Bren Hall, UCSB

®* Fred Hutchinson Cancer Research

LABORATORIES FOR THE 21sT CENTURY:

Center
* Georgia Public Health Laboratory e Sty o

Laboratory Type
o Wet lab

* Haverford College Natural Science G o

2 Retrofit
c e n t e r Type of Operation
2 Research/development
Q Manufacturing

J Teaching
o Chemistry

* National Institutes of Health Building } -
>0

Featured Technologies
WF men ods

* Sandia National Laboratories PETL S

El Wale consewatln
eeeeee

design/planning

®* Nidus Center SR,

1 Diverstty factor

Q Carbon trading

2 Selling concepts to

o H H H stakeholders
armacia Building e

LEED Rating
2 Platinum
2 Silver

* U.S. EPA National Vehicle and Fuel
Emissions Lab

* Whitehead Biomedical Research
Center, Emory University

All case studies have whole-building
and system level energy use data

CASE STUDIES

THE Louis STokEs LABORATORIES,
BuiLbing 50, NATIONAL INSTITUTES
oF HEALTH, BETHESDA, MARYLAND

Introduction
The Louis Stokes Laboratories, Building 50 at the National Ins|
a

istitutes of Health (NIH) in

aaaaa

an, a
with laboratory buildings. This program is
part ion and operation of safe, sustainable,
high-performance laboratories.

e Y United States United States
Em Environmental Protection Department
“ Agency of Energy )= T —
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Design process tools

Process Manual

* Action items for each
stage of design process

— Links to appropriate tools
and resources

® Checklist of sustainable
design strategies

— Portal to core information
resources

— Useful for design charrettes
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Design Process Checklist

Pre-Design

O Select an Energy/Sustainability Champion

This person should be explicitly accountable to the awner for achieving energy and
environmental goals.

Oowner

O  Select a multi-disciplinary design team with sustainable design experience

The design team should have explicit expertise and a track-record in sustainable
design. The links on the right provide assiatnce on how to select a design team with
such experience

Owner, Energy Champion

O Ensure that project budget allows for sustainable design consulting services

£n investment in sustainable design consulting services or focused team research is
essential to achieve an integrated design that would be cost-competitive with a
standard design. The Federal Energy Management Program (FEMP) guidelines
estimate that for high-energy facilities such as laboratories, the investment in

This section lists specific process-related action items to ensure that sustainablility is integrated into each stage of the
building design and delivery process. Links to relevant Labs21 tools and other resources are also provided

See the list titled
"Selecting Ensray
Conscious Design
Professionals” in this
FEMP design assistance
quideline

See attachment 2 in
this Nawy Policy
document

See the section titled
“How much can I afford
to spand?” in this FEMP
design assistance

ideline.
sustainable design consulting services should be between: guieling
$0.45-$0.35 per sf for buildings < 20000 sf;
$0.35 - $0.25 per sf for buildings between 20,000 and 100,000 sf; and
$0.25 - $0.15 per sf for buildings greater than 100,000 sf.
Best practices may dictate an even higher investment in consulting services. )
® Internet

LABS FOR THE 21ST CENTURY
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Design process tools

Design Intent Tool

* A database tool to document intended strategies and

metrics during design

Design Inte

ool 1.0 - [LabsExample1]

| File

| Introduction I Manage Project Files I Manage Template Files | User Guide | Feedback | Help I Web Home Page | 9

Design Intent Tool Yersion 1.0
I NTENT Project Name: LabsExamplel
TooL Ouwner:

Today's Date:  09-10-2002
YERSION- 1.0
Select Design Area

QI +/- Add/Remove

General

Architectural: Loads

Ole Rie!

Mechanical: Yentilation Systemr
Mechanical: Chiller Plant
Mechanical: Heating Plant
Electrical: Lighting System
Electrical: Distribution System
Electrical: Renewable/Distribut

Process: ProcessfPlug Loads

e Bia Bhia Thie Bhia Tie |

Operations and Maintenance

D ESIGN B Design Intent Document lﬁ Owner's Goals & Project Info | Team Contact Info [ Q Reports I

Design Area Description

The mechanical ventilation system consists of air-handling units {fans, filters, heating andfor cooling coils, etc.), supply
ductwork, terminal devices for controlling temperature andfor pressure in the zones, exhaust and return-air ductwork, exhaust

Select Objective

9' +{- Details I Click this button to add, remove or edit Objectives For this project

Objective Name

Obijective Description

Maximizing full-load efficiency involves minimizing the power requirements
imposed by the system components and maximizing the efficiency of the
lequipment: providing the ventilation.

Strateqies
QI +}- Details I Click this button to add, remove or edit Strategies for the Objective selected above.

Index Strateqy Name Strateqy Description

1 Efficient Fans Efficient fans (typically airfoil or vaneaxial] convert more of the input

shaft power to flow and pressure in the airstream. In addition to the Q

fan itself, the inlet and discharge conditions are critical to good fan
performance.
Although motors are relatively efficient converters of electrical to
mechanical energy, choosing the most-efficient motor for the L4
application is typically very cost-effective. DOE maintains the
"MotorMaster' database of motor efficiency, which is valuable for
Mechanical drives include belts, couplings, shafts, and gearboxes.
Cogged or synchronous belts are more efficient than standard V-belts. @
With variable-speed inverters, many applications can be driven
directly, eliminating belt energy losses and maintenance altogether.

2 Efficient Motors

3 Efficient Mechanical Drives

. Metrics
QI e — I Click this button to view and edit it R ds Ffor the Objecti lected above.
Index Metic Name Metric Description Target  Units
> 1 Peak total (all fans) W /cfm The sum of the electrical power W) used for all 1.3 Wwickm
ventilation fans at design conditions divided by l‘

their tatal design air flow (cfm).

=
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Design process tools

Energy Benchmarking Tool

osoft Internet Explorer

View Favorites Tools Help

Qe - () [¥] [B] (0 O search lravortes @Preda €2 (-

¢ address | @] http:/fwww.dc.Ibl.gov/Labs21/Graphing.php

* National database of lab
energy use data

BS FOR THE 21ST CENTURY

benchmarking

* Web-based input and
analysis D —

Y

¥

Total Building BTU/sf-yr (site)

. - - -
About 70 facilities wooRel
Red marker on top of the bar indicates Estimated Values
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() '? 16 |  60194178400) 578000 104142.18)0  12fEa
y e n C m a r H 3 56218596160 264298 212709.12/0.12 10/5A
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8 | 12613440000 54962] 229493.830.19 12[3c

S h d 15 184866190404 532602] 347100.07)0.2 11)ac
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— Set targets X T E T
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Benchmarking Metrics

BTU/sf-yr (site)
BTU/sf-yr (source)
Utility $/sf-yr

System Energy Energy Demand
Consumption

Ventilation kWh/sf-yr Peak W/cfm

Peak cfm/sf (lab)

Avg cfm/peak cfm
Cooling kWh/sf-yr Peak W/sf

Peak sf/ton

kW /ton
Lighting kWh/sf-yr Peak W/sf
Process/Plug kWh/sf-yr Peak W/sf
Heating BTU/sf-yr Peak W/sf
Aggregate kWh/sf-yr (total elec) Peak W/sf

Effectiveness (Ideal/
Actual)

e\
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100

f the bar indicates Estimated Values

2.0 r
- Red marker on top

{ea Ratio

Lab A

37 19 25 30 21 22 24 31 29 417 23 20 26
Facilities

| B Peak W/cem - Lab Area % |

Standard, good, better benchmarks as defined in
“How-low Can You go: Low-Pressure Drop Laboratory Design”

- standard

good

better

by Dale Sartor and John Weale
Labs21 September 2006
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Design process tools

Environmental Performance Criteria (EPC)

* Rating system for evaluating laboratory design
— Builds on the LEED™ rating system

* Adds Lab specific credits and prerequisites
— Health & Safety
— Fumehood energy use
— Plug loads

* Leveraged volunteer efforts
* USGBC developing LEED for Labs based on EPC

D
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EPC & LEED

Prereq 1

Indicates additions/modifications to LEED

nnn Sustainable Sites

Erosion & Sedimentation Control

Required

Credit 1

Site Selection

Credit 2

Urban Redevelopment

Credit 3

Brownfield Redevelopment

Credit 4.1

Alternative Transportation, Public Transportation Access

Credit 4.2

Alternative Transportation, Bicycle Storage & Changing Rooms

Credit 4.3

Alternative Transportation, Alternative Fuel Refueling Stations

Credit 4.4

Alternative Transportation, Parking Capacity

Credit 5.1

Reduced Site Disturbance, Protect or Restore Open Space

Credit 5.2

Reduced Site Disturbance, Development Footprint

Credit 6.1

Stormwater Management, Rate or Quantity

Credit 6.2

Stormwater Management, Treatment

Credit 7.1

Landscape & Exterior Design to Reduce Heat Islands, Non-Roof

Credit 7.2

Landscape & Exterior Design to Reduce Heat Islands, Roof

Credit 8

Light Pollution Reduction

Credit 9.1

Safety and Risk Management, Air Effluent

Credit 9.2

Safety and Risk Management, Water Effluent

EEG QEEG BEEN N BN IEEN N BN IR BEEN IRV [N REEN JEEN JEEN RN

0/0/0

Prereq 1

Laboratory Equipment Water Use

Required

Credit 1.1

Water Efficient Landscaping, Reduce by 50%

1

Credit 1.2

Water Efficient Landscaping, No Potable Use or No Irrigation

1

Credit 2 Innavative Wastewater Technolaaies

1

A\
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How to Become Involved

®* Visit: www.labs21century.gov

* E-mail the Labs21 Network:
labs21@erg.com

¢ Contact me:

Dale Sartor

(510) 486-5988

D
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Five Big Hits Towards Best Practice

September 11, 2006 Dale Sartor, P.E.

Lawrence Berkeley National Laboratory



More detail on specific best practices:

Five BIG HITS

1. Tame the hoods

2. Scrutinize the air changes
3. Drop the pressure drop
4. Get real with plug loads

5. Just say no to re-heat

/ﬂf (" “\ Labs21 September 2006 24
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1. Tame the Hoods

Fume Hood Energy Consumption

Labs21 September 2006 25




Tame the Hoods

1. Reduce the number and size
of hoods

. Restrict the sash opening
.Say no to Auxiliary Air
hoods
4.Use Two “speed” occupied
and un-occupied
5.Use variable air volume
(VAV)

6. Consider high performance
hoods

WN
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1. Reduce the number and size of hoods

« Size distribution for ample
capacity

\

+ Install only hoods needed | A;N \. g
immediately NG \\\\}\} _/

 Provide tees, valves, and e N
pressure controls for easy n D L
additions/subtractions ey

 Encourage removal of
underutilized hoods

« Consider hoods as a

shared resource Is this hood intensity necessary?

D
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2. Restrict sash openings

Sash stops

Figure 9. Hood with vertical-rising sash

Horizontal sashes

N

N

]
7\ : !
: | : o
1R g
LT
l :
Figure 10. Hood with

horizontal-sliding sashes

Combination
N
[
r[\ .
= )

Figure 11. Hood with combination
“A-style” sash

Labs21 September 2006 28




® Vertical Sash Opening
— Most common sash
— Good horizontal access

— Energy use reduced
with sash stop

Vertical Sash
Stop

D
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2. Restrict sash openings

« Horizontal Sash

— Can be more
energy efficient due
to reduce airflow
volume

— May increase
worker safety

— Caution — sash
panels can be
removed; defeats
safety

Sash Panels

Labs21 September 2006 30




¢ Auxiliary Air Hood
— Wastes energy

— Reduces containment
performance

— Decreases worker comfort

— Disrupts lab temperature and
humidity

— Not Recommended

D
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5. Variable air volume (VAV)

VAV:

...Combination of sophisticated

monitoring sensors and SUREFLSW”
controls UELOCITY >
How Do They Operate?

...Communicate between hood =[] [
and supply/exhaust systems B
...Modulate supply/exhaust

systems TSI
...Maintain constant face

velocity and room pressure TS|
relationships Controller

Labs21 September 2006 33




5. Variable air volume (VAV)

VAV System

//;, : Féb FAN

7 ///I/I//II""'D""/////// """ BQO'F'II/I//I
DUCTS AIR
_SUPPLY <
N /
Chemical f//\\\ Local 7z /NN
_ Hoods Exhaust il | THINK
) 5 Hoods

I

SAFETY
——— O O < -
L__J
LAB OFFICE
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VAV Drawbacks

—_—

; /? ypical Worst Case SizirTg

Assume all sashes open 100%

Result
Oversized fans and central plants

—
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5. VAV sash management

* Training and education

* The stick

* The carrot

 Demand responsive sash management
 Automated sash management

e occupied and unoccupied set points
(reset velocity set point)

* Auto sash closure system

Labs21 September 2006 36




5. VAV sash management

* New-Tech Automatic Sash
Positioning System

Labs21 September 2006 37




6. High Performance Hoods

Does the Low Flow / Low Velocity Hood provide:

Energy-efficient operation?

Equivalent or Better Containment at Reduced Face Velocities
and Flow Volumes?

Improved performance for all users, even under misuse
conditions?

More Robust and Less Susceptible to External Factors?

Better Monitoring and Flow Control?

If so... = High Performance Hood

Labs21 September 2006 38




6. High Performance Hoods

* Improved Performance Through Better Design...
—  Aerodynamic Entry

—  Directed Air Supply

—  Perforated or Slotted Rear Baffle
— Airfoil Sill and Sash Handle

—  Integrated Monitors

— Interior Dimensions

° First Generation: 20 to 40% savings

®* Second Generation: 40 to 75% savings

D
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6. High Performance Hoods

®* Current fabricators...
— Lab Crafters
— Labconco
— Fisher Hamilton
— Kewaunee Scientific
— Laboratory Equipment Manufacturers
— Esco Global
— Others

D
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6. High Performance Hoods

Lab Crafters Air Sentry HPFH

Upper chamber Turning Vane

Aerodynamic Sash Frame

Side Post Airfoils *—

Multi-Slot Front Airfoil *—

Labs21 September 2006 41




6. High Performance Hoods

Labconco XStream Hood

M (o) d ifi e d Ae ro d y nam i C ' | iy ‘/ Z i
Sash Pull

Modified Baffle _
and Slots

Aerodynamic
Airfoil

D
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6. High Performance Hoods

Fisher Hamilton PIONEER
— Automatic sash closer

— Directed supply flow @ full open
sash

— Flush Airfoil Sill
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6.

High Performance Hoods

Berkeley Hood by LBNL

Push/Pull Air Divider
Technique

Perimeter Air Supply

I////I/Ill/lll/lll/flll.r'IJ?J'I-\WM &
By

Perforated Rear Baffle

Slot Exhaust & Optimized
Upper Chamber

Designed to minimize
escape by reducing reverse
flow

Reduces air flow 50-75%

D
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Laboratory Fume Hood Testing for Safety

Smoke in Supply Plenums...

Exhaust: |
40% “normal” ™
flow '

Ejector:
8L/min.

Breathing Zone:
18 inches
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Laboratory Fume Hood Testing for Safety

Smoke containment...

Smoke visualization test at 30% “normal” flow

D
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Resource...

Fume Hood Energy Calculator:

uaom! TOR| Y FUME HOOD: : ENERGY CALCULATOR

Loborstory tume hoods ane sns gy rfansive, Thay ae rienced bo provs adeguste rotaction 100 wWorkers Conductng esparimerss of mamiacneng
scirvties witm the foods. Ths fypicst b hood n U cleetes uses J4-drt a matt) seargy At s home. This wib oo stmades Mrus fume hood
ANde gy wid 4 COMS My Uutdr-ipacind thtddes Sn® Mttirgdind sdul cperalar ot epugrent sllatreas T4 dreule compar dve efiry-uls
SN0 Vs TRl in the Sa5umptons panel 02 dtared

MHood 1 Hood 2
Location [Cerarects, Cattames. Untet Sates =) [Socarams, Cattrmia Unted Semer
|
ASSUDTIONS ood1  Hood? | AHALYSIS Hood 1
Emergy Prices (1 | | P Rate 1248
Becrcty o " LA | Coolng & Ax tanding
Bectrcty Demana [T o T | Chier Enaegy 141 7556
Pt o " PBon BTV || Fun Brergy 1038
Opersten | 1) " " tvidey Tots TE
tda Openey (Horiontsl) (3] a nches Totn Powss 5
Hood Openeg (Vercs i = notes ot which Fas
Face Velocty e e ftinin | ot whkh O 15
l’.:n Poowet (cupgiy 3 eonaazt) | 3| = ‘8t wETe \"“.‘
Coclryg Pl Eficency ¥ 7. Wion e
Heatrg Systen Effcency m ™ percatt Supohr 1 €1 42:0‘
HVAC S Ay i Reront 115129
Hestre m T3S o Tote Lons 198,33
Cockrg r;-,] el T Enee gy (Tosh) NTE18
Hehest Energy (4] Erergy (slectri) 0
Dabvery Ar Terg (53 - v ! Avernge Rrhem Power 0o
Frwrgry Type mm | Total Par-Mood Costa a2
| -Cost Per CTM I

=l
Hood 2 Diffesence
1,239 oM
7558 0 Whtpear
15553 0 WA sre
DA 0 WA e
&7 0.0 Wt
22 0 0 vwwhood
&5 00 Wwhood
& 204 D Load MITUY
t1889 0 Lol bETU
15330 0ty
prag AL 048y
0 0 oy
00 00 B
aunm 0 iyear
2= oos

Calculator web

site:

The calculator can be used
to test the energy and cost
impacts of improving
component efficiencies (e.qg.
fans or space conditioning
equipment), modifying face
velocities, and varying
energy prices. Supply air
set points can be varied, as
can the type of reheat
energy. Several hundred
weather locations around
the world are available. The
calculator allows for an
instantaneous comparison
of two scenarios.
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2. Scrutinize the Air Changes

* Don’'t assume air changes are driven by
thermal loads

* What do you use as minimum ACH?
— Why? Why? Why?

* When is ten or more air changes safe and six
air changes (or less) not?

* Very large peak and operating cost impact
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— Up to 50% of electrical energy use
— Small reductions have large impact

— Affects cost to build and maintain
facility

Maximize Effectiveness;
Minimize Energy Use

Annual electricity use in Louis Stokes
Laboratory, National Institutes of Health ,
Bethesda, MD

D
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Optimizing Ventilation

Why ventilation? An optimized

— Worker Safety laboratory design
both safely handles

— Space conditioning the “worst”

What is “optimizing”? emergency and
— Air Change Rate efficiently manages
o “routine” incidents
— Air Dilution

and normal conditions
— Air Circulation

D
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Modeling and Simulation

Modeling Methods...

* Tracer Gas Evaluations

°* Neutrally-buoyant helium bubble evaluations

* Computational Fluid Dynamics (CFD)

Evaluate...

* Containment

* Ventilation effectiveness

Labs21 September 2006 51




Modeling and Simulation

* Tracer Gas Evaluations
— Provides “clearing time” with tracer gas rate-of-decay
— Confirms actual air change rate effectiveness
— ASHRAE provides guidelines

* Neutrally-buoyant helium bubble evaluatlons
— Study and adjust airflow patterns S
— Optimize register and diffuser placement
— Safe and simple operation

** Considerations...
— Requires full-scale
model, or existing lab
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Modeling and Simulation

* Computational Fluid Dynamics (CFD)

**Considerations...

LABS

air recirculation

Estimate residence time of hazard
Develop “answers” to spill scenarios

Evaluate placement of major design-elements:
hoods, benches, registers

Examine numerous “what-if” scenarios
Avoid dead or “lazy” air or areas of

Use experienced modeling company

CFD Model courtesy CD-adapco

5
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Modeling and Simulation

CFD Three-dimensional supply
and exhaust airflow review

CFD Modeling courtesy Flow Sciences, Inc.
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Modeling and Simulation

CFD two-plane supply and exhaust airflow review

Interaction of flow

Transfer Grill from transfer grill Ceiling Diffuser
and diffuser / Air Speed

(fpm)

I/

¥
--—-l-<

Fume Hog

o

Counter

Flow Underneath Door

Desk  CFD Modeling courtesy RWDI, Inc.

D
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Modeling and Simulation

CFD Fume Hood Models...

Two-dimensional CFD
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CFD Lab
Model

Analysis of
NIH lab...

Speed (fpm)
100 75 30 25 @

courtesy Flomerics

)
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Modeling and Simulation

CFD model of pharmaceutical lab

12 ACH

CH3CL (mole)
CH3CL [mole] ppmyv
ppmyv 125.000
.— 125.000 109.375
109.375 93.7500
93.7500 78.1250
78.1250 62.5000
46.8750
62.5000
31.2500
46.8750 [ 15.6250
31.2500 oltonon
.: 15.6250
0.000000

CFD Modeling courtesy Fluent
— 1-liter liquid methyl chloride spill in isolation room

— 9 sq.ft. spill area
— Vaporization occurs over 600 seconds at constant rate

D
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2. Scrutinize the Air Changes -
Conclusions

* Ventilation effectiveness in more dependent on
lab and HVAC design than air change rates (ACR)

* High ACR can have a negative impact on
containment devices
* Consider:
— cfm/sqft rather than ACR
— Panic switch concept
— Cascading air from clean to dirty
— Setback ACR when lab is unoccupied

— Demand controlled ventilation (based on monitoring
of hazards and odors)

D
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3. Drop the Pressure Drop

* Up to one half HVAC energy goes to fans

°* How low can you go
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Low Pressure-Drop Designh Guidelines

Component Standard Good Better

Air handler face velocity | 500 400 300

Air Handler 2.5 in. w.g. 1.5in. w.g. 0.75 in.w.g.
Heat Recovery Device 1.00 in. w.g. 0.60 in. w.g. 0.35in. w.g.

VAV Control Devices

Constant Volume, N/
A

Flow Measurement
Devices, 0.60 - 0.30 in.
w.g.

Pressure Differential
Measurement and

Control, 0.10 in. w.g.

Ductwork

Zone Temperature 0.5 in. w.g. 0.30 in. w.g. 0.05 in. w.g.
Control Coils
Total Supply and Return | 4.0 in. w.g. 2.25 in. w.qg. 1.2 in. w.g.

Exhaust Stack CFM and

0.7” w.g. full design
flow through entire
exhaust system,
Constant Volume

0.7” w.g. full design flow
through fan and stack
only, VAV System with
bypass

0.75” w.g. averaging
half the design flow,
VAV System with

multiple stacks

Noise Control (Silencers) | 1.0” w.g. 0.25” w.g. 0.0” w.g.
Total 9.7” w.g. 6.2” w.g. 3.2"” w.g.
Approximate W / CFM 1.8 1.2 0.6

Source: J. Weale, P. Rumsey, D. Sartor, L. E. Lock, “Laboratory Low-Pressure Drop Design,” ASHRAE

Journal, August 2002.
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Annual Energy Cost for Cleanroom Recirculation Fans

Annual energy costs - recirculation fans
(Class 5, 20,0001t2)

450,000

400,000

350,000
300,000
250,000
200,000
150,000
100,000
50,000
| BN m

ducted HEPA ducted HEPA fan filter fan filter fan filter pres. Pl. pres. Pl. pres. Pl

Annual kWh Cost based on 0.1$/kWh, $

Recirculation system type
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4. Get Real with Plug Loads

® Save capital cost and
operating cost

®* Measure actual loads in
similar labs

* Design for high part- load
efficiency

— Modular design approaches

* Plug load diversity in labs
increases reheat

D
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Measured Plug Loads

Range of measured W/sf (15min Avg kW)
18

14

12

10

; B

L
Z_",l,*,i,-, o -l-

3L2A  3L2B  3L2C 3L2D 3L2E 3L2H 3L2L 3L2M 212G 2L2H 3LIN Main T1

UC Davis - 16-58 W/sf design

Labs21 September 2006

64



5. Just Say No to Reheat

* Reheat results in energy waste in labs

— High-load areas require lower supply air
temperature, so reheat occurs in other spaces

¢ Simultaneous heating and cooling more
problematic in labs where variations of
internal loads can be enormous

* A single zone requiring cooling can create
artificial heating and cooling loads
throughout the building

* Some possible solutions:

— Put cooling coils or cooling fan coils in each zone

— Use a dual duct system with cool duct and neutral
(70 deg. +/-) duct
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Contact Information:

Dale Sartor, P.E.

Lawrence Berkeley National Laboratory
Applications Team

MS 90-3111
University of California
Berkeley, CA 94720

(510) 486-5988
http://Ateam.LBL.gov
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